A classification of one type of congenital malformation previously reported (de la Cruz et al., I967) is based on the integration of an embryological theory for ventricular inversions with the embryological concepts of trunco-conal malformations (de la Cruz and da Rocha, I956) . In that classification we consider that in each situs, either solitus or inversus ventricular inversions may be associated with: (a) normally arranged great vessels (not transposed); (b) transposition of the great vessels; (c) persistent truncus arteriosus. The patients had ventricular inversion without transposition of the great vessels in situs inversus.
The correct anatomical diagnosis was not foreseen but the physiopathological diagnosis was correct: pulmonary ischaemia associated with septal defects. In one case these facts were substantiated by catheterization and by angiocardiographicfindings which led us to advise surgery. Haemodynamically isolated inversion of the ventricles is as severe a malformation as complete (not corrected) transposition of the great vessels. However, an operation of the anastomotic type between a systemic vessel and the narrow pulmonary artery seemed justified in these cases, as a means to convey more blood to the lungs and improve the saturation of the arterial blood. It was unsuccessfully carried out in one patient.
The anatomical, radiological, and electrocardiographic features which might aid in the diagnosis are analysed.
The term 'corrected transposition' of the great arteries, implies two anatomical concepts: transposition of the great arteries and inversion of the ventricular chambers. There- (Anselmi et al., I963) .
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FIG. I Case r. Mirror-image dextrocardia and ventricular inversion without transposition of the great vessels. (a) Chest film. The apex is not clearly seen on either side. Notice the slight prominence of the aorta to the right and the prominence of what appears to be the 'pulmonary' segment on the left border of the heart. The vascularity of the lungs is slightly decreased.
(b) Electrocardiogram which shows a negative P wave in lead I. Notice that VR is a predominantly positive complex, which would be unusual for a situs inversus but notfor the right-sided right ventricle which this case had (ventricular inversion). The sequence of the ventricular complexes in the praecordial leads is that usually expected for normally placed ventricles in the presence of right ventricular hypertrophy. (c) Diagrammatic representation showing the spatial relation of the great vessels, the cardiac chambers, the direction of the apex, and the position ofthe liver. PA,pulmonary artery; Ao, aorta; LA, anatomically left atrium; RV, anatomically right ventricle; RA, anatomical right atrium; LV, anatomical left ventricle. (d) External aspect of the heart, of the great vessels and of the liver. PA, narrow pulmonary artery; Ao aorta. (Fig. ib) showed inverted P waves in lead I and positive P waves in VR. The sequence of the chest (praecordial) leads taken on the left side showed tall R waves in Vi and rs complexes in V6.
A tentative diagnosis was made of situs inversus, congenital heart disease with right-to-left shunt, and pulmonary stenosis. Cardiac catheterization and angiocardiography were performed (Table) . The catheter entered the venous or anatomically right atrium placed on the left and ventricular chamber. The aorta filled from this ventricle and was clearly posterior with respect to the narrow pulmonary artery which filled simultaneously and crossed the aorta anteriorly, showing a normal relation of the great arteries, i.e. absence of transposition. It was concluded from these studies that there were large atrial and ventricular septal defects, an overriding aorta, and pulmonary infundibular stenosis. The diagnosis of situs inversus, dextrocardia, and possible tetralogy of Fallot with atrial septal defect or AV comunis was made, and operation was advised.
A left-sided subclavian pulmonary anastomosis was done. The patient developed ventricular fibrillation during the operation which was successfully treated. However, she died unexpectedly on the fourth post-operative day.
Necropsy
The viscera were placed as pertains to situs viscerum inversus; the cardiac apex was directed FIG. 2 Internal view of the cardiac cavities of Case i with mirror-image dextrocardia and ventricular inversion without transposition of the great arteries. (a) The anatomical right atrium is placed on the left; notice the crista terminalis (CT), the pectineal muscles (PM), the sinus portion (SP). An arrow points to the connexion of the inferior vena cava (IVC) with this atrium. This atrium connects with the inflow tract of a ventricle which exhibits a smooth interventricular septum in its upper two-thirds, characteristic of anatomical left ventricles. (b) The atrium placed on the right shows the smooth wall which characterizes the anatomical left atrium; notice the atrial septal defect (ASD). This cavity connects with the inflow chamber of the anatomically right ventricle placed on the right. (c) The ventricle placed on the right shows the features of the anatomical right ventricle; notice the crista supraventricularis (CS-V); a probe has been placed in front of it, within the stenotic infundibulum of the pulmonary artery (PA). The interventricular septum is trabeculated. The aorta (Ao) emerges behind the crista, overriding the ventricular septum. (Fig. 2a) . The atrium placed on the right was smooth and it had the morphological features ofthe anatomical left atrium. There was a large interatrial septal defect of the fossa ovalis type with a fenestrated valve (Fig. 2b ). This chamber communicated by means of an atrioventricular orifice having three valves with a right-sided ventricle which had a trabeculated septal surface. This ventricle had numerous trabeculae, an anterior papillary muscle, and the crista supraventricularis with its parietal and septal bands, which are the morphological features of an anatomical right ventricle ( Fig. 2b and c) . The pulmonary artery arose in front of the crista supraventricularis. It had infundibular and orificial stenoses (Fig. 2c) . The aorta arose behind the crista overriding the ventricular septum; in the ventricular septum there was an interventricular septal defect of the middle basal type (Fig. 2d) The chest x-ray showed a grade I/4 cardiomegaly. The cardiac apex was directed to the left. The gastric bubble was visualized on the right side. The hilar vascular markings appeared almost normal. There was a prominent vascular segment on the right border of the heart which was thought to be the ascending aorta; it was slightly uncoiled. There was another prominent segment on the left cardiac border which was thought to be the pulmonary artery (Fig. 3a) .
The electrocardiogram showed a negative P wave in lead I which was suggestive of atrial inversion (situs inversus). There were rsR complexes in VR and V3R, and rS complexes in V6. The electrocardiogram was suggestive of right ventricular hypertrophy, and left atrial and probable right atrial enlargement (Fig. 3b) .
The patient had convulsions following hypoxic episodes which left neurological sequelae. A cerebral abscess was postulated. This was confirmed and successfully treated surgically. Two months later the patient died during a severe hypoxic spell.
The viscera were arranged in situs inversus. The cardiac apex was directed to the left. The pulmonary artery was narrow (one-third the size of the aorta). It originated anteriorly with respect to the aorta crossing it obliquely from right to left and from the front to the back ( Fig. 3c and d). The aortic arch overrode the right bronchus. The atrial appendage loca'ted on the left was smooth and bulging, the features usually seen in anatomically right atrial appendages. The atrial appendage on the right was small and irregular as seen in normal anatomically left atrial appendages. The internal aspect of the left-sided atrium had the anatomical features normally seen in right atria since it had two portions which were separated by the crista terminalis; the inner portion was smooth (sinus portion) and received the inferior and the superior vena cava; the outer portion had the pectineal muscles (Fig. 4a ). There was no atrioventricular orifice in the floor of this atrium. The atrium placed on the right was smooth. It received the 4 pulmonary veins, which is the anatomical feature of normal left atria (Fig. 4b) . The interatrial septum showed a defect of the fossa ovalis type (Fig. 4a ). This atrial chamber communicated with the right-sided ventricle by a valvular orifice with three valves. This ventricle showed the crista supraventricularis and the anterior papillary muscle which are the normal morphological features of the anatomical right ventricle ( Fig. 4b and c) . The pulmonary artery, which had infundibular and valvular stenosis, originated in front of the crista. The aorta originated behind the crista (Fig. 4c ). There were both hypertrophy and dilatation of this chamber. There was no left ventricular chamber. FI G. 3 Case 2 with laevocardia and ventricular inversion without transposition of the great vessels. (a) Chest film: this is a clear case of laevocardia, i.e. left-sided apex in the presence of a situs inversus. Notice in this case, also, the prominence of the ascending aorta (horizontal arrow) to the right and the prominent 'pulmonary' segment (vertical arrow) to the left. The hilar vascular markings are rather scant. (b) The electrocardiogram shows a negative P wave in lead I and VL, suggestive of dextrocardia. As in Case I, VR shows a very positive complex which is indicative of right ventricular hypertrophy of a right-sided anatomical right ventricle (unusual position for a situs inversus, i.e. there is ventricular inversion). Finally, the sequence of the ventricular complexes in the praecordial leads is the expected sequence of normally placed ventricles in the presence of right ventricular hypertrophy. This arrangement of the ventricles is abnormal for the situs. (c) Diagrammatic representation showing the spatial relation of the great vessels, the cardiac cavities, the direction of the apex, and the position of the liver. PA, pulmonary artery; Ao, aorta; LA, anatomical left atrium; RV, anatomical right ventricle; RA, anatomical right atrium. LV is the site which the left ventricle should have occupied since the specimen had no left ventricle. (d) External view of the heart, the great vessels, and the liver. PA, narrow pulmonary artery. A visceral situs is the spatial position of the viscera in relation to a system of symmetry, which in the case of the cordates is the bilateral symmetry system. The situs is established ontogenetically and phylogenetically before the heart appears. In the system of bilateral symmetry there are three types of situs: the solitus, the inversus, and heterotaxia.
The position of the atria is fixed for the specific situs; therefore there is never 'atrial inversion'; on the contrary, it is the position of the ventricles which may vary for a specific situs, and a malformation characterized by the disagreement between the ventricles and the viscero-atrial situs is designated with the name ventricular inversion (de la Cruz et al., I967) ( Fig. 5 and 6 ).
There are two types of ventricular inversion: one in situs solitus and one in situs inversus and both are accompanied always by inversion of the vascular pedicle, whatever the trunce-conal morphology may be (Fig.  5 C, G, H, I , and Fig. 6 C, G, H, I ). The name inversion of the vascular pedicle is used for the mirror-image of any of the different trunco-conal morphologies of a specific situs without ventricular inversion (compare G, H, and I with D, E, and F in Fig. 5 and 6 ).
There (Fig. sH and 6E ).
(3) With persistence of the common truncus arteriosus. A single artery arises from the heart, and its direction points to the position of the anatomically right ventricle. If it is directed from right to left, the anatomical right ventricle is placed on the right side ( Fig. sF and 6I ), and if it is directed from left to right, the anatomically right ventricle is on the left side ( Fig. sI and 6F ).
Situs solitus This is the normal spatial position of the -viscera within a symmetry system in which (Fig. 5A ).
The normal heart of situs solitus is characterized by an anatomically right atrium and ventricle on the right side and an anatomically left atrium and ventricle on the left side. In other words, there is an atrioventricular concordance. The normal relation of the great vessels will then be such that the pulmonary artery is anterior and crosses the aorta from right to left and from the front to the back (Fig. sD) .
The three trunco-conal morphologies for the heart in situs solitus without ventricular inversion are: (i) Without transposition of the great vessels. The pulmonary artery crosses the aorta in front, and from right to left; therefore it arises from the anatomically right ventricle placed on the right. This group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from Ventricular inversion without transposition of the great vessels in situs inversus 299 morphology is the normal one for a normal heart in situs solitus (Fig. 5D) . (2) With transposition of the great vessels. The aorta is anterior, parallel to, and placed on the right of the pulmonary artery; therefore it arises from the anatomically right ventricle placed on the right (Fig. 5E) . (3) With persistence of the common truncus arteriosus. This vessel is directed from right to left and indicates the right-sided position of the anatomically right ventricle (Fig. sF) .
In situs solitus, ventricular inversion is characterized because the anatomically left ventricle is on the right and it receives blood from the anatomically right atrium placed on the right (venous atrium), and the anatomically right ventricle is placed on the left, and it receives blood from the anatomically left atrium placed on the left (arterial atrium) (Fig. 5C ).
The three trunco-conal morphologies for the heart in situs solitus with ventricular inversion are as follows: (i) Without transposition of the great vessels, in which the pulmonary artery crosses in front of the aorta from left to right and from the front to the back; therefore it arises from the anatomically right ventricle placed on the left (Fig. 5G) and it constitutes the mirror-image of the vascular pedicle of a normal heart in situs solitus (inversion of the vascular pedicle) (compare G with D in Fig. 5 ). This cardiopathy functions as a transposition of the great vessels without actually being one anatomically, because the great vessels are not related to each other nor with the ventricles as in a true transposition of the great vessels (compare G with E in Fig. 5) . Therefore, the designation 'clinical transposition' (Stanger et al., I968) for this cardiopathy is erroneous because it is not a transposition of the great vessels and because it ignores the basic malformation which is a ventricular inversion. For this reason it is best to designate it as ventricular inversion without transposition of the great vessels (de la Cruz et al., I967). (2) With transposition of the great vessels, the aorta is anterior, parallel, and placed to the left of the pulmonary artery; therefore it arises from the anatomically right ventricle placed on the left (Fig. 5H) related with each other and with their respective ventricles in the fashion of transposition of the great vessels, and because this designation ignores the fact that ventricular inversion is the basic malformation in this cardiopathy (compare H with E in Fig. 5) . (3) With persistence of the common truncus arteriosus. This artery is directed from left to right and it indicates the left position of the anatomically right ventricle (Fig. sI) .
In situs solitus, there are two positions of the apex: in one, it is directed to the left and the heart is normally placed, and in the other one the apex is directed to the right, i.e. constituting a case of dextroversion or dextrorotation.
Situs inversus This is the designation used for the spatial disposition of the viscera in which the anatomically right structures are placed on the left and the anatomically left structures are placed on the right, thus constituting the mirror-image of situs solitus (Fig. 6A) . The normal heart of situs inversus (mirrorimage dextrocardia) is characterized by the fact that the anatomically right atrium and ventricle are on the left and the anatomically left atrium and ventricle are on the right. There is also, therefore, an atrioventricular concordance. The normal relation of the great vessels is such that the pulmonary artery is anterior and it crosses in front of the aorta from left to right and from the front to the back (Fig. 6D) .
The three trunco-conal morphologies for the heart in situs inversus without ventricular inversion are: (I) Without transposition of the great vessels in which the pulmonary artery crosses the aorta in front and from left to right, therefore arising from the anatomically right ventricle placed on the left. This morphology corresponds to the normal heart in situs inversus (mirror-image dextrocardia) and the great vessels are not inverted for this type of situs (Fig. 6D) . (2) With transposition of the great vessels in which the aorta is anterior, parallel, and placed to the left of the pulmonary artery; therefore it arises from the anatomically right ventricle placed on the left (Fig. 6E) . (3) With persistence of the truncus arteriosus. This artery is directed from left to right and it indicates the leftsided position of the anatomically right ventricle (Fig. 6F) .
In situs inversus, ventricular inversion is characterized by the fact that the anatomically right ventricle is placed on the right and it receives blood from the anatomically left atrium placed on the right (arterial atrium), and the anatomically left ventricle is placed on the left and it receives blood from the anatomically right atrium placed on the left (venous atrium) (Fig. 6C) .
The atria agree with the situs since they maintain the position that they have in mirror-image dextrocardia, i.e. the normal heart for situs inversus (compare C with D in Fig. 6 ), whereas the ventricles are inverted because they have a completely abnormal position for a mirror-image dextrocardia (compare C with D in Fig. 6 ), in spite of the fact that they have the same position as a normal heart for situs solitus (compare C in Fig. 6 with D in Fig. 5 ).
The three trunco-conal morphologies for the heart in situs inversus with ventricular inversion are: (i) Without transposition of the great arteries, in which the pulmonary artery crosses in front of the aorta, from right to left and from the front to the back; therefore it arises from the anatomically right ventricle placed on the right (Fig. 6G) . These arteries are inverted for a mirror-image dextrocardia (compare G with D in Fig. 6 ), despite the fact that they have the relation of the vascular pedicle of a normal heart in situs solitus (compare G in Fig. 6 with D in Fig. 5 ). This cardiopathy functions as a transposition of the great vessels, even though it is not one from the anatomical standpoint. Therefore the designation 'clinical transposition' (Stanger et al., I968) is also erroneous because it is not a transposition of the great arteries and because it ignores the basic malformation which again is ventricular inversion (compare G with E in Fig. 6 ). For this reason we call it ventricular inversion without transposition of the great arteries in situs inversus (de la Cruz et al., I967) . (2) With transposition of the great arteries, the aorta is anterior, parallel, and placed on the right side of the pulmonary artery; therefore it arises from the anatomically right ventricle placed on the right (Fig.  6H ). This malformation behaves haemodynamically as a normal heart and it is currently designated as 'corrected transposition of the great arteries' (Walmsley, 1931; Abbott, I936; Liebow and McFarland, I94I; de la Cruz et al., I959, I962; Van Praagh et al., I964) . This designation is also erroneous since the anatomical image is that of transposition of the great arteries with ventricular inversion. (3) With persistence of the common truncus arteriosus. This artery is directed from right to left and it indicates the rightsided position of the anatomically right ventricle (Fig. 6I) . In situs inversus there are also two positions of the apex: it is either on the right, in which case there is a mirrorimage dextrocardia, or the apex is directed to the left in which case it is a laevocardia.
The cases under discussion are examples of ventricular inversion without transposition of the great arteries in situs inversus (Fig.  6G) , one of them with a mirror-image dextrocardia and the other with a laevocardia. These cases should not be called complete clinical transposition in situs inversus, because the relation of the great vessels between themselves and with respect to the ventricles does not correspond to the anatomical picture of transposition and because it would ignore the fact that the basic malformation is ventricular inversion. Other authors (Stanger et al., I968) would perhaps maintain that the position of the ventricles and the relation of the vascular pedicle of our cases are normal for situs inversus with ventricular inversion.
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We differ from this view because the normal position of the ventricles and the normal relation of the vascular pedicle for a situs inversus is that seen in mirror-image dextrocardia (normal heart in situs inversus) (compare G with D in Fig. 6 ).
In both of our cases there is unequal partition of the truncus conus at the expense of the pulmonary artery associated with dextroposition of the aorta (lateroposition) (de la Cruz and da Rocha, I956 In the case with mirror-image dextrocardia the diagnosis of tetralogy of Fallot was made on the basis of a severely cyanotic and incapacitating malformation, mainly from the catheterization findings (see below). Indeed the radiological picture did not suggest the diagnosis.
In the case with laevocardia the diagnosis of 'corrected transposition of the great vessels' was postulated initially on the basis of our experience and that of others (Lev and Rowlatt, I96I) , according to which laevocardia is frequently associated with transposition of the great arteries and ventricular inversion. The diagnosis of septal defects and pulmonary stenosis was also postulated in this case, but unfortunately no specialized studies could be made due to the severity of the patient's condition. Though this patient's heart had no left ventricle it is apparent that the left AV valve was atretic while the right one was the tricuspid (three leaflets). Furthermore, the single ventricle was unquestionably anatomically right.
In both instances there were two common physiopathological features: (i) a venousarterial shunt across the septal defects;
(ii) a decreased pulmonary flow.
The analysis of Fig. 7A, a (Fig. 7A and a) as in ordinary complete transposition of the great arteries ( Fig. 7B and b) , thus rendering the haemodynamic picture in both conditions somewhat similar. In other words, in the malformation under discussion, blood that has been oxygenated in the lungs returns to the anatomically left atrium and enters the anatomically right ventricle from which it is redirected to the lung by way of the pulmonary artery. In the opposite circuit, the blood from the left ventricle enters the aorta and returns to the anatomically right atrium through the vena cava without having come in contact with the lungs. This haemodynamic arrangement has been described as 'physiologic transposition of the circulation with normal aortopulmonary relationship' (Martinez Pico and Munioz, I967).
Radiology In Case i the prominent segment on the left cardiac border which we know from the specimen to be, in part, the pulmonary segment, is unusual for a case with clear lung fields and pulmonary stenosis (see Fig. Ia ). This prominent segment was formed by the combination of the pulmonary artery and a large anatomically right atrial appendage placed on the left side (see also Fig. 6G ).
The case with situs inversus and laevocardia (Case 2) had a cardiac contour which suggested initially the diagnosis of transposition of the great vessels associated with ventricular inversion (Fig. 3a) . The prominent segment pointed by the vertical arrow in this figure was erroneously taken to be the origin of the aorta, emerging from the left border of the heart. This prominent segment was also formed by the combination of the pulmonary artery, and the anatomically right atrial appendage placed on the left side.
These two structures coincided in the space existing between the left border of the aorta and the left border of the heart formed by the anatomically left ventricle (see Fig. ic, 3c, and 6G) . This prominent segment on the left cardiac profile has been a useful diagnostic element in ventricular inversion with transposition of the great vessels in situs solitus where it corresponds to the initial portion of the ascending aorta. This was not the case in these patients.
Another feature of this cardiac contour was the prominent ascending aorta to the right ( Fig. Ia and 3a) . This seems to be due to the dextroposition of the aorta and also to the right-sided aortic arch which both cases had.
Electrocardiography In both cases the diagnosis of situs inversus was substantiated by the presence of a negative P wave in leads I and VL. VL had the aspect of a normal VR and vice versa, as far as the P wave was concerned ( Fig. ib and 3b ). In contrast with this, the morphology of the ventricular complexes in the praecordial leads VI to V6 had a sequence which suggested that the activation of the heart was the mirror-image of normal for a situs inversus, Injection of radiopaque material from the right-sided and anatomically right ventricle into the overriding aorta simultaneously opacified the pulmonary artery. As seen in Fig. id , the arrangement of the great vessels is not in a parallel fashion. On the contrary, the aorta is a posterior vessel and the narrow pulmonary artery crosses it anteriorly. These data were found compatible with a tetralogy of Fallot.
Though a higher arterial oxygen saturation was found in the anatomically left atrium (right-sided), than in the anatomically right atrium (left-sided), the specimen showed that the four pulmonary veins entered the latter chamber. The only explanation for this (aside from the fact that considerable complexity of a case with situs inversus renders catheterization difficult) is a preferential flow of blood from the pulmonary veins into the opposite atrium across a large atrial septal defect.
In the presence of pulmonary ischaemia, a surgical anastomosis between a systemic vessel and the pulmonary artery seemed justified in both patients, inasmuch as patients with this malformation, as in many with pulmonary stenosis, benefit from an increase of flow to the lungs. In one patient (the one erroneously thought to be a tetralogy of Fallot) the anastomosis was performed and was apparently successful; unexpected death from an unidentified cause was probably not due to the new haemodynamic pattern created by the procedure.
